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(54) E)eposition of copper on an activated surface of a substrate 



(57) The present invention is related to the fabrica- 
tion of at least a part of a Cu-containing layers or a Cu- 
containing pattern used for the electrical connection of K..-,.r»: 
active or passive devices as well as integrated circuits. 
Such Cu-containing patterns and/or layers are formed 
on an activated surface of a substrate by means of im- 
mersion of said substrate in an electroless Cu plating 
solution Such a solution typically comprises: a source 
of copper Cu (II) ions; a reducing agent; an additive to 
adjust the pH of said aqueous solution to a predeter- 
mined value; and 

a chemical compound for complexing said Cu 
ions, said chemical compound having at least one part 
with chemical structure COOR1-COHR2, R1 being a 
first organic group covalently bound to the cartx)xylate 
group (COO), R2 bcfng cither hydrogen or a second or- 
ganic group Further disclosed is a method for deposit- 
ing Cu on an activated surlace and particularly on an 
activated surface of a Cu diffusion barrier layer 
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Description 

Field of the invention 

[(XX)1] The present invention is related to metal dcp- 
osilion processes as used for instance for the formation 
of conductive patterns connecting active or passive de- 
vices as well as integrated circuits Particularly, such 
conductive patterns can be formed at least partly by 
means of an electroless deposition technique 

Technological background 

[0002] Currently, copper is being introduced in ULSI 
metallization schemes as a replacement for aluminium 
due to Its iower resistrvity and betier eiectromigration re- 
sjstance Coppenelectroplating is the most popular dep- 
osition technique today To avoid contamination of the 
surrounding insulating layers and/or the substrate, cop- 
per is mostly deposited on a Cu diffusion barrier layer 
However, to allow electroplating, first a conductive seed 
layer has to be formed on top of the barrier layer(s) in 
order to get reliable electroplated copper deposition. 
Usually, a sputtered copper layer is used for this pur- 
pose However, for dual damascene typo processing 
with very high aspect ratio openings in dielectric layers 
such as trenches via holes and contact holes, the step 
coverage of sputtered (classical or by means of an Ion 
Metal Plasma) barrier layers and Cu seed layers is ex- 
pected to become the limiting factor for subsequent fill- 
ing with e.g. electroplated copper As a consequence, 
alternative deposition routes for copper seed layer for- 
mation can be attractive for future device technologies. 
Electroless copper deposition has the potential of be- 
coming a viable alternative because it can deliver high 
step coverage depositions at a very low cost The prin- 
ciple of electroless metal deposition is based on the gen- 
eration of electrons at a catalytically active or an acti- 
vated surface in contact with a solution of metal ions in 
the presence of a suitable sacrificial electron donor 
These electrons are capable of reducing the metal ions 
leading to the deposition of the metal on the activated 
surface. Because this process does not occur on non- 
activated layers, the resulting deposition technique is in- 
herently selective Furthermore, in principle, it should be 
easy to integrate such process in currently available 
copper electroplating tools (which are already on the 
market or will be so in the near future), provided 
amongst others that the electroless plating solution is 
stable at room temperature for at least about two weeks 
and the process margins of the plating solution are not 
too tied. Nowadays most electroless copper plating so- 
lutions do not meet these specifications. They have of 
ten a limited stability and can only be effectively used in 
a limited pH range which makes them very sensitive for 
slight variations in the composition of the plating solution 
as such variations result in small variations in the pH but 
often lead to a large decrease in the deposition rate 



[0003] Moreover, most available electroless copper 
plating baths do not fulfill the stringent requirements for 
copper plating in sub-micron high aspect ratio features 
onto the typical Cu diffusion barrier layers used in ULSI 

5 processing Typical barrier layers are Tt, TiN. Ta, WN^, 
TaN Co and any combination thereof, and other Cu dif- 
fusion barrier layers Known in the art One of the prob- 
lems of electroless copper deposition on barrier layers 
and particularly on e g. TiN is the evolution of copious 

10 amounts of hydrogen gas which is detrimental for the 
quality of the copper layer formed because it leads to 
severe blistering of the copper layer The use of cyanide 
as a hydrogen suppressor, as practiced in many com- 
mercial copper plating solutions, is not acceptable in this 

75 business due to safety issues. Another problem related 
to the state-ot-the-ari plating solutions is the bad adhe- 
sion of electroless deposited copper on such barrier lay- 
ers. 

[0004] Moreover, most electroless copper plating so- 
20 lution compositions are based on salts containing main- 
ly sodium as the counterion. These high levels of sodium 
ions in the plating solutions can introduce severe relia- 
bility problems, particularly when sodium reaches the 
semiconductor device junctions, as this is known to be 
2S a production yield killer in semiconductor device manu- 
facturing Therefore as a further requirement the level of 
sodium ions in the plating solution should be very limited 
or negligible. 

[0005] Nowadays, electroless copper plating solu- 
30 tions often use EDTA as the complexing agent and for- 
maldehyde as the reducing agent. The complexing 
agent is required to keep Cu(ll) ions in solution at the 
relatrvely high pH values at which formaldehyde oper- 
ates as a reducing agent. Recently, the trend is to move 
35 away from strong complexants such as EDTA. Due to 
their strong complexing power for many metal ions, 
more stringent requirements for the environment are ex- 
pected for plating solutions based on strong complexing 
agents. Consequently, there is a need for other more 
40 environmentally acceptable complexing agents 

Aims of the invention 

[0006] It IS an aim of the invention to provide a plating 
solution for electroless copper deposition which is sub- 
stantially sodium free (low level sodium) and which com- 
prises an environmentally friendly complexing agent. 
The plating solution should have a long life-time after 
make-up (thermal stability) of at least two weeks at room 

so temperature and should be easy 1o replenish to keep 
the plating characteristics well within spec over the plat- 
ing periods Furthermore, slight variations in the com- 
position of the plating solution may cause only small var- 
iations in the Cu deposition rate on an activated surface 

55 of a substrate immersed in the plating solution 

[0007] It is another aim of the invention to provide a 
method to form Cu-containing layers on an activated 
surface of a substrate by means of an electroless dep- 
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osition technique using the plating solution of the 
present invention This plating solution ;^nd deposition 
method should be such thai the formation of hydrogen 
gas during the plating period is avoided or severely lim- 
ited Particularly, this method has to result in a sufficient- s 
ly high deposition rate at low temperatures. 
[0008] A further aim of the invention is to provide a Cu 
seed layer on a diffusion barrier layer, said diffusion bar- 
rier layer may act simultaneously as a wetting layer. Par- 
ticularly when a Cu-containing layer is deposited on a io 
barrier layer, the Cu-containing layer has to be formed 
with good adhesion on the diffusion barrier layer. Seed 
layers have typically a thickness below 300 nm. 
[0009] Still a further aim of the invention is to provide 
a Cu plating solution suitable to form a relatively thick '5 
Cu-containing layer on a barrier layer or ana seed layer 
This IS partic44erly useful to till up openings with high 
aspect ratios In Insulating layers such as via holes, 
trenches and contact holes like e g. in damascene ar- 
chitectures The Cu-containing layers formed have typ- 
ically a thickness between 200 nm and 2 ^m 

Summary of the invention 

[0010] The present invention is related to the fabrica- 2S 
tion of at least a part of a Cu-containing layers or a Cu- 
containing pattern used for the electrical connection of 
active or passive devices as well as integrated circuits. 
Such Cu-containing patterns and/or layers can be 
formed on an activated surface of a substrate by means 30 
of immersion of said substrate in an electroless plating 
solution Therefore, in an aspect of the present inven- 
tion, a aqueous solution for electroless deposition of Cu 
on a substrate is disclosed, said solution comprising : 

35 

a source of copper Cu (II) ions; 
a reducing agent; 

an additive to adjust the pH of said aqueous solution 
to a predetermined value; and 

a chemical compound for complexing said Cu ions, -^o 
said chemical compound having at least one part 
With chemical structure COOR! -COHR2 (as can be 
seen in fig 2a)), R1 being a first organic group cov- 
aiently bound to the carboxylate group (GOO). R2 
being either hydrogen or a second organic group. -^5 
Examples of such first or second organic groups are 
hydrocarbon groups, while for instance the chemi- 
cal compound for complexing the Cu ions can be 
selected from the group consisting of diethyltar- 
trate, diisopropyltartrate and diethyllactate. The pH 50 



the aforementioned reducing agents 

[0011] In an embodiment of the invention, a Cu plating 
solution is disclosed based on an organic based com- 
plexing agent, wherein the ratio between the concentra- 
tion of said source of copper Cu (II) ions and the con- 
centration of said complexing agent in said solution is 
in the range from 1/5 to 5/1 or from 1/1 0 to 10/1 or from 
1/25 to 25/1. ' 

[0012] In another embodiment of the invention, a Cu 

plating solution is disclosed wherein the complexing 
agent is a chemical compound with chemical structure 
COOR1-CHOH-CHOH-COOR1, R1 being an organic 
group covalently bound to the carboxylate group (COO). 
For instance, hydrocarbon groups can be used as or- 
ganic groups Particularly, a chemical compound select- 
ed from the group consisting of diethyltartrate, diisopro- 
pyltartrate and dimethyliartrate can be selected. 
[0013] In another aspect of the invention, a method is 
disclosed for forming a Cu-containing layer on a sub- 
strate comprising the steps of: 

preparing an aqueous solution comprising a source 
of copper Cu (II) ions, a reducing agent, a chemical 
compound for complexing said Cu (11) ions, said 
chemical compound having at least one part with 
chemical structure COOR1-COHR2, R1 being an 
organic group covalently bound to the carboxylate 
group (COO), R2 being either hydrogen or an or- 
ganic group, and an additive to adjust the pH of the 
solution to a predetermined value; 
immersing said substrate in said aqueous solution 
for a predetermined period to thereby form said Cu- 
containing layer at least on an activated surface of 
said substrate. For instance, this Cu-containing lay- 
er can be formed on a Cu diffusion barrier layer 
formed on the substrate. 

[0014] In an embodiment, a method tor filling an open- 
ing in an insulating layer is disclosed, wherein, after 
forming at least one opening in an insulating layer 
formed on a substrate, a barrier layer can be formed on 
at least one inner wall of said opening Examples of such 
openings arc via holes, contact holes, and trenches Ex- 
amples of such barrier layers are layers of Ti, or TiN, or 
Ta, or WNx, or TaN, or Co or a combination thereof. Par- 
ticularly this barrier layer can also act as a wetting layer 
like e g a TiN layer with a Ti laj^r thereon A Cu-con- 
taining metal, i e an alloy of or pure Cu, is deposited 
using the electroless plating solution of the present in- 



,i:uro to -10 Jc9fC0S C txnrT^plos C'l n foducin-^ 
ngont are formaldehyde, paraformaldehyde hydra- 
zine, amine boranes. alkah metal horohydndos a*- 



riritivoly Iff St H trur: C j-contHintf^c^ seocJ Ihvcm cnn bo 
formed using the dc electroless deposition method of 
the pre=iont invention thereafter a second Cu-contain- 
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different Cu deposition technique as e g electroplating 
of Cu to thereby completely fill the openings 

Brief description of the drawings 

[0015] Figure 1 depicts the deposition rate of a 
tartrate^' ions based salt Cu plating solution versus the 
pH value of the solution 

[001 6] Figure 2 depicts three different chemical struc- 
tures According to the present invention in fig 2 a) a 
chemical compound for complexing Cu ions is depicted 
having at least a part with chemical structure 
COOR1-COHR2, R1 being a first organic group cova- 
lently bound to the carboxylate group (COO). R2 being 
either hydrogen or a second organic group, while in fig 
2b) a chemical compound with chemical structure 
COORI-CHOH^HOH-COORl is depicted, and fig 2c) 
depicts the chemical structure of diethyltartrate 
[0017] Figure 3 depicts, according to an embodiment 
of the invention, the deposition rale of a diethyltartrate 
based Cu plating solution versus the pH value of the so- 
lution. 

[0018] Figure 4 depicts, according to an embodiment 
of the invention, the thickness of the deposited Cu layer 
versus deposition time using cicctroless deposition of 
three different plating solutions being a tartrate^' ions 
based safts plating solution comprising CuS04 in an 
amount of 0 0144 mol/l and a tartrate^- ions based salt 
in an amount of 0 01 66 mol/1 (42); a tartrate^' ions 
based salts plating solution comprising CuS04 in an 
amount of 0.0443 mol/l and a tart rat e^" ions based salt 
in an anDount of 0 0499 moll (43): a diethyltartrate based 
plating solution comprising CUSO4 in an amount of 
0 0288 mol/l and diethyltartrate in an amount of 0.1461 
mol/l (41 ). [001 9] Figure 5 depicts, according to an em- 
bodiment of the invention, the thickness of the deposited 
Cu layer versus the deposition temperature using elec- 
troless deposition of a diethyltartrate based electroless 
plating solution. 

[0019] Figure 6 depicts, according to an embodiment 
of the invention, the deposition rate of a diethyltartrate 
based plating solution versus the concentration of 
CUSO4 in the solution for two different compositions of 
the solution being a solution with diethyltartrate in an 
amount of 0. 1 461 mol/l (61 ): and a solution with diethyl- 
tartrate in an amount of 0.256 mol/I (62);. 
[0020] Figure 7 depicts, according to an embodiment 
of the invention, Cu seed layers formed using a electro- 
less deposition of a diethyltartrate based plating solu- 
tion, on top of a Ti/TiN stack. This Ti/TiN stack is formed 
on wafers (substrates) with single damascene trench 
test structures having widths down to 0 4 micron and 
aspect ratio of 2 5 

[0021] Figure 8 depicts the same single damascene 
trench test structures as in figure 5 wherein these trench 
structures are completely filled with Cu using an elec- 
troplating technique 



Detailed description of the Invention 

[0022] In relation to the appended drawings the 
present invention is described tn detail in the sequel. It 
5 is apparent however that a person skilled in the art can 
imagine several other equivalent embodiments or other 
ways of executing the present invention, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims *' 
10 [0023] Theuseoftartrate^- ions based salts as a com- 
plexing agents for copper(ll) ions in electroless plating 
solutions is known for many years. However, only the 
sodium, potassium and NaK (Rochelle salt) salt have 
been used extensively in electroless copper plating so- 
lution compositions A disadvantages of the latter type 
of plating solution is the very low deposition rate at room 
temperature. Another disadvantage is the sensitivity of 
these state-of-the-art complexing agents for small vari- 
ations in the composition of the plating solution whrch 
20 directly affects the pH of the solution. Therefore even if 
one succeeds in obtaining a more or less stable initial 
solution while, plating proceeds, a small change in the 
composition and consequently in the pH of the solution 
caused by the deposition of Cu causes dramatic chang- 
es OS in the deposition rate due to the limrtcd width of the 
pH window at which the deposition rate is more or less 
constant (as e g in fig 1) 

[0024] A further disadvantage is that electroless dep- 
osition using a plating solution based on tartrate^- ions 

30 based salts leads to hydrogen gas evolution which not 
only prevents deposition of layers with a thickness 
above 150 nm, but also thinner layers (below 150 nm) 
are of bad quality due to hydrogen inclusion in the de- 
posited layer. A further disadvantage of electroless dep- 

35 osition using a plating solution of these tartrate^- ions 
based salts containing mainly sodium or potassium as 
counterion is that these counterions are highly nnobile 
and easily migrate to the junction level of the semicon- 
ductor devices which is detrimental for the reliability of 
these devices. 

[0025] Moreover »t should be stated that successful 
plating of electroless copper on an arbitrary surface of 
a substrate involves both cleaning of the surface and 
activation with Pd nuclei prior to copper plating. 
45 [0026] In a preferred embodiment of the invention, a 
method is disclosed for forming a Cu-containing layer 
on an activated surface of a Cu-diffusion barrier layer 
formed on a substrate comprisin^he steps of 

so preparing an aqueous solution comprising a source 
of copper Cu (II) ions, a reducing agent, a chemical 
compound tor complexing Cu (II) tons, said chemi- 
cal compound having chemical structure 
COOR1-CHOH-CHOH-COOR1 (as in fig 2b)). R1 

55 being an organic group covalently bound to the car- 

boxylate group (COO) and an additive to adjust the 
pH of the solution to a predetermined value; 
immersing said substrate with sa id Cu -diffusion bar- 
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rier layer in said aqueous solution for a predeter- 
mined period to thereby form said Cu containing 
layer at least on said activated surface of said Cu- 
diffusion barrier layer 

[0027] At least for the purpose of this disclosure, an 
organic tartrate is defined as a chennical compound with 
chemical structure COORl -CHOH-CHOH-COORI , R1 
being an organic group covalently bound to the carbox- 
ylate group (COO). For Instance, these organic groups 
can be hydrocarbon groups Examples of such organic 
tartrates are diethyllartrate (fig 2c)). diisopropyltartrate 
and dimethyltartrate 

[0028] In order to avoid copper(ll)hydroxide deposi- 
tion at high pH values, an organic tartrate is added for 
complexing the Cu(ll) ions Particularly diethyltartrate, 
IS used. The organic tartrates are characterized by a dif- 
ferent complexatlon behaviour with Cu(ll) ions as conv 
pared to ionic tartrate, i.e. tartrate^' ions based salts. Al- 
though the precise nature of the complexation behav- 
iour is not fully understood, experiments demonstrate 
that deposition using the plating solution of the present 
invention, i e. an organic tartrate based solution, unex- 
pectedly overcomes or at least substantially limits the 
hydrogen evolution during the deposition process, prob- 
ably due to the different complexing behavior, particu- 
larly when a deposition is performed on a barrier layer 
It IS believed that when adding an organic tartrate to the 
solution^ in contrast to adding tartrate^- ions based salts, 
no carboxylate ions are created As a consequence, the 
complexation of Cu(ll) ions occurs mainly at higher pH 
values. Probably this complexation is mainly, but not lim- 
ited hereto, based on at least one hydroxyl group of the 
organic tartrate, particularly on the corresponding anion. 
[0029] CUSO4.5H2O can be used as a source of cop- 
per Cu (II) ions or other sources known in the art. For- 
maldehyde acts as a sacrificial electron donor, i.e. a re- 
ducing agent. The invention is in no way limited to the 
use of formaldehyde as sacrificial electron donor For- 
maldehyde vapors are a potential health liability be- 
cause of suspected carcinogenity. However, on e could 
op\ to use the solid form, 1 e paraformaldehyde which 
IS less dangerous. One could also opt to add parafor- 
maldehyde to the solution provided that first the plating 
solution IS brought to a higher pH This probably further 
limits health risks. 

[0030] The operation range for the pH of this plating 

solution is typically between pH 115 and 1 3 5 The cor- 
Ft-ct pH value is adjusted by addition of an additive like 
e g. tetra-N-methylammoniumhydroxide (Me4NOH). 



partly processed wafer or slice, at least a part of the ac- 
tive and/or passive devices can already be formed and/ 
or at least a part of the structures interconnecting these 
devices can be formed. 

5 [0032] Examples of Cu diffusion barrier layers are Ti. 
TiN, Ta, WN^. TaN, Co or any combination thereof. A 
more particular example of such a barrier layer is TiN. 
When stating that the hydrogen evolution is substantial- 
ly limited during deposition on a barrier layer, this means 

TO that on such barrier layers high quality Cu-containing 
layers with a thickness of at least 1 50 nm or at least 300 
nm can be formed Also thicker layers can be formed e. 
g layers with a thickness ranging up to 1 ^m or even up 
to 2 pnn. 

'5 [0033] Theelectrolessplatingof copper on barrier lay- 
ers involves both cleaning of the barrier layer surface 
and activation of the clean barrier layer with Pd nuclei 
prior to copper plating For instance, cleaning of a TiN 
surface can be acconnplished with dilute HF solutions in 

20 order to remove surface TiO^Ny species. Other cleaning 
procedures have been described in the literature. Acti- 
vation is accomplished by treatment of the clean TiN sur- 
face with a Palladium activator solution, typically con- 
taining PdCI2 and HCI in aqueous solution. Optional ad- 

2S ditives are HF and/or acetic acid, as known in the art. It 
Is understood that each process step should be followed 
by an adequate rinse, for instance with Dl water, as usu- 
ally required in the art. In some Instances, depending 
on the quality of the TiN surface, additional drying after 

30 either pre-clean or activation step, or after both steps, 
can improve the electroless copper layer quality. 
[0034] Electroless plating can be performed at tem- 
peratures up to 55 °C However the stability of the plat- 
ing solution deteriorates substantially when the plating 

35 solution is kept at temperatures above about 45 '^C. For 
instance, the stability of the solution was found to be 
reduced to approximately 1 day at 40 **C as compared 
to more than 30 days at room temperature Consequent- 
ly, preferably the temperature range for electroless plat- 

-^0 ing with the plating solution of the present invention is 
between 20 and 40 **C. The copper deposition rate fol- 
lows a perfect Arrhenius behaviour in function of the 
temperature of the solution with an activation energy of 
56 1 3 kJ mol'^ (41 ) (see fig 4 and 5)) in the temperature 
range between 20 and 55 **C As depicted in Fig 5 dep- 
osition rates are 31.6 nm min-i at 34 **C and 46.4 nm 
min^i at 40 *C, respectively. In case a conventional 
tartrate^- ions based salt plalinstsolution is used then 
the deposition rates (42) (43) are substantially lower 

so [0035] As a best mode embodiment of the invention. 



". • 'v o f'l itofiril like o g o' ( ^iAs O' Go or SiGo. or .-in 
insulating rnatonal. like c g ri glass slice or a conduc- 
tive material Said s;.jbstrHto ran compriso a patterned 



i nc pr DC e Jure tor rnnking up the platinq batf i u wolves 
mixing of the Cu(ll) and diethyltartrate stock solutions 
adding water to almost final volume, first pH adjustment 
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v^ilue to 12 5, and finally adding water to Iho final solu- 
tion volume The stability of this solution at room tem- 
perature exceeds 30 days which \s an important im- 
provement compared with conventional plating solu- 
tions which have a limited stability of typically one week 
or at most two weeks Decrease of the copper ion con- 
centration in the plating solution results jn lower depo- 
sition rates as can be seen in Fig 6 However, the cop- 
per layer characteristics do not change appreciably by 
changing the copper concentration and/or by changing 
the organic tartrate concentration (61 ) (62) in the plating 
solution of the present invention. Also, the formaldehyde 
concentration is not that critical for obtaining a good cop- 
per quality: however too large an excess should be 
avoided because hydrogen evolution is favored at high- 
er formaldehyde concentration levels, i e more than 
about 1 M Thtr decreased sensitivity of the precise 
amounts in the plating solution composition and the in- 
creased stability of the organic tartrate based plating so- 
lution makes this plating solution suitable for industrial 
application 

[0036] Further according to this example, a Cu-con- 
taining layer is formed on a Ti/TiN stack. The Ti/TiN was 
deposited by means of a physical vapor deposition 
(PVD) process. Deposition can also bo executed by 
means of ALCVD. The following characteristics for the 
plating process and the deposited copper layers are ob- 
tained. In the pH range between 12 0 and 13.0, as in 
Fig 3, the deposition rate amounts 1o approximately 1 3 
nm per minute at room temperature (21 'C) and does 
not change with deposition time (thickness increases 
linearly with deposition time). Specific resistivity values 
between 4.10 and 4.65 |.ii2cm are obtained for a layer 
thickness in the range of 275 to 300 nm. Thinner layers 
of electroless copper have higher resistivity values, as 
is also known from copper films deposited by PVD and 
especially by chemical vapor deposition (CVD) meth- 
ods. For instance, a 1 1 0 nm thick electroless copper film 
shows a specific resistivity of 5.63 fjli cm However, 
deposition at higher temperatures results in a significant 
decrease of the specific resistivity of electroless copper 
layers deposited with the plating solution of the present 
invention For instance, a copper film of 160 nm depos- 
ited at 40 '^C shows a specific resistivity of only 4 0 joQ 
cm Typical sheet resistance uniformrtyover a 6 inch wa- 
fer with a PVD deposited Ti/TiN stack is around 6 6 % 
(standard deviation, 1 sigma, as measured over 49 
points by a four-point probe measurement). 
[0037] The deposition of Cu films as seed layers for 
Cu electroplating (with the ECD technique) is compared 
for an electroless plating method according to the best 
mode embodiment of the invention, and for copper films 
deposited with the PVD technique Electroless Cu seed 
layers and ECD Cu films were deposited in an EQUI- 
NOX tool as commercially available from the company 
SEMITOOL 6' silicon wafers with different width trench- 
es are used The trenches are etched in an oxide layer 
formed on the silicon wafer Trench depth was 1 ^im and 



12 yim for different lots of wafers 1 |.im thick ECD Cu 
films were deposited on 80 nm Cu seed layers (electro- 
less or PVD) on 15 nm/60 nm of Ti/Tifsj layers Electro- 
less Cu seed layers are deposited in Equinox at stand- 

5 ard conditions from Na-f ree electroless bath followed by 
a RTP anneal (350 C, 2 mm, N2) A second anneal step 
was performed after ECD copper deposition. Thereafter 
an edge bead removal step. CMP, and post-CMP clean 
(H20) were done. Wafers were'electrically tested after 
CMP. Some of the wafers were used for FIB SEM 
(FE1200) and SEM (Philips XL30) analysis. The copper 
seed layers deposited from the Na-f ree electroless cop- 
per bath, according to the best mode embodiment of the 
invention, had good uniformity and conformality in 

'5 trenches with aspect ratio of at least up to 3 ECD copper 
deposited on electroless Cu seed layers showed excel- 
lent filling capability in 1,2 jam as well as in 1 pm deep 
trenches. Trenches with different widths (from 0 3 pm 
up to 10 nm) were electrically measured. The results 

^0 show that electroless Cu seed layers can be deposited 
in trenches with an aspect ratio of at least up to 3.5 (12 
pm . 0.35 pm) ECD Cu films plated on electroless Cu 
seed layers have reasonable effective specific resistivity 
- about 2.3 pQ-cm for trenches with width from 0.35 pm 

25 to 0.7 pm and 2 12 pU-cm for 3 pm width trenches. Sim- 
ilar results are obtained for ECD Cu films deposited on 
PVD Cu seed layers. 

[0038] Further according to the method of the present 
invention, a method for filling an opening in an insulating 

30 layer is disclosed, wherein, after forming at least one 
opening in an insulating layer formed on a substrate, a 
barrier layer is formed on at least one inner wall of said 
opening. A Cu-containing metal, i e an alloy of or pure 
Cu, is deposited using the electroless plating solution of 

35 the present invention. This deposition can be performed 
in a chamber of a electroplating tool The obtained Cu 
layer can be used as seed layer (as in Fig. 7) for the 
deposition of electroplated copper on both blanket wa- 
fers, i.e. without openings, and wafers with single da- 

40 mascene trench test structures with widths down to 0 4 
micron and with an aspect ratio of 2 5 For instance on 
this seed layer, a second Cu-containing metal layer can 
be formed by means of electroplating. As an example, 
excellent tilling (fig. 8) is obtained with such a combina- 
tion of layers on top of a Ti/TiN stack Adhesion is ade- 
quate for a layer thickness as typically required tor seed 
layer applications. Anneal in inert atmosphere (nitrogen) 
of the seed layer prior to copper ejgclroplating results in 
good adhesion of the total layer with a thickness up to 

so at least 1.1 micron, but the invention is in no way limited 
to this thickness range. 

[0039] The methcxi of the present invention can be 
used for the fabrication of integrated circuits, parlicularly 
in sub 0 35 pm CMOS or BiCMOS processes Particu- 
55 larly these integrated circuits comprise interconnect 
structures wherein during the process of forming said 
interconnect structures openings, e g via openings or 
contact openings or trenches, with a sub 0 5 pm diam- 
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eter and with high aspec t ratios, i o typically with an as- 
pect ratio of 2 1 or higher have to he filled The method 
of the present invention allows at least forming of high 
quality Cu-containing seed layers in a reliable way but 
also complete filling of these openings can be obtained 
Particularly in an embodiment of the invention an inte- 
grated circuit comprising an interconnect structure is 
disclosed, wherein the process of forming said intercon- 
nect structure comprises the method of the present in- 
vention for creating Cu-containing metal layers on a Cu 
diffusion barrier layer 



lution to a predetermined value, and 
a chemical compound fc»r complexing Cu (II) 
ions, said chemical compound having chemical 
structure COOR1 -CHOH-CHOH-COOR1 , Rl 
being an organic group covalently bound to the 
carboxylate group (COO) 

8. The solution as recited fn claim 7, wherein the pH 
of said aqueous solutionis in the range between 
11.0 and 13 5 and wherein said reducing agent is 
formaldehyde or paraformaldehyde 



Claims 

1. An aqueous solution for electroless deposition of 
Cu on a substrate comprising 

a source of copper Cu (II) ions; 
a reducing agent, 

an additive to adjust the pH of said aqueous so- 
lution to a predetermined value; and 
a chemical compound for complexing said Cu 
ions, said chemical compound having at least 
one part with chemical structure 
COOR1-COHR2, Rl being a first organic group 
covalently bound to the carboxylate group 
(COO), R2 being either hydrogen or a second 
organic group 

2. The solution as recited in claim 1, wherein the pH 
of said aqueous solution is in the range from 11 0 
to 13.5, preferably in the range from 11 5 to 13.5. 

3. An aqueous solution for electroless deposition of 
Cu on a substrate as defined in claim 1 wherein the 
temperature of said aqueous solution for electro- 
less deposition of Cu is 45 degrees C or below 
about 1-15 M. 

4. The solution as recited m claim 1 , wherein said re- 
ducing agent IS formaldehyde or paraformaldehyde 
having a concentration of below 1 M 

5. The solution as recited in claim 1 and 4. wherein 
said first organic group is a hydrocarbon group. 

6. The solution as recited in claim 5, wherein said 
chemical compound is selected from the group con- 
sisting of diothyltartrate, diisopropyltartrate and di- 



9. The solution as recited in claim 7, wherein said or- 
ganic group IS a hydrocarbon group. 

10. The solution as recited in claim 7 , wherein said 
chemical compound is selected from the group con- 
sisting of diethyltartrate, diisopropyltartrate and 
dimethyltartrate. 

11. A method for forming a Cu-containing layer on a 
substrate comprising the steps of 

preparing an aqueous solution comprising a 
source of copper Cu (II) ions, a reducing agent, 
a chemical compound for complexing said Cu 
(II) ions, said chemical compound having at 
least one part with chemical structure 
COOR1-COHR2, Rl being an organic group 
covalently bound to the carboxylate group 
(COO). R2 being either hydrogen or an organic 
group, and an additive to adjust the pH of the 
solution to a predetermined value, 
immersing said substrate in said aqueous so- 
lution for a predetermined period to thereby 
form said Cu-containing layer at least on an ac- 
tivated surface of said substrate 

12. The methcxias recited in claim 11 , wherein saidCu- 
containing layer is formed on an activated surface 
of a Cu diffusion barrier layer formed on the sub- 
strate 

13. The method as recited in claim 1 2 wherein said Cu 
diffusion barrier layer is at least one layer selected 
from the group consisting of a Ti layer, a TiN layer, 
a Ta layer, a WN^^ layer, a TaN layer, and a Co layer 

14. The metf^od as recited in claim 12 and 13 wlierein 
said chemical compound is selected from the group 



;i sou'cc of copper Cu i'l) nns 1 1 0 and 1 f:> pfoferably in thr r.rvjo ot ^hrait 11 ^> 

H rodijcing agent tot 13 S 
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16. The method as recited tn clarm 11 wherein after 
preparirig said aqueous solLJ^lor^ said substrate and 
said solution arc introduced in a chamber of an elec- 
troplating tool 

5 

17. The method as recited in claim 16, wherein after im- 
mersing said substrate in said aqueous solution, a 
Cu-contatning metal is deposited on said Cu-con- 
taining layer formed on said substrate in a chamber 

of said electroplatrng tool by means of eleclroplat- io 
ing. 

18. The method as recited in claim 17, wherein the 
thickness of said Cu-containing layer is between 
100 nm and 2000 nm. preferably below about 600 ^5 
nm and beiow about 250 nm 
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wrth chemical structure COOR1-COHR2 R1 being a 
first organic group covalently bound to the carboxylate 
group (COO), R2 being either hydrogen or a second or- 
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